Summary. Sexual behaviour of 16 female and 12 male rabbits was studied during pregnancy and early post partum. The main behavioural events of the male (nuzzling and mounting) did not differ in the presence of receptive or non-receptive females. When introduced into the cage of the male, receptive and non-receptive females flattened to the floor or circled around. Sexual receptivity to males decreased in early pregnancy and increased to a maximum a few days around parturition; on Days 1 and 6 post partum, all experimental rabbits submitted to mating. Two groups of females were distinguished: one group submitting to mating whatever the stage of pregnancy, the second being receptive only during the few days before parturition or post partum. During pregnancy and early post partum there was no relation between the colour of the vulva and the female sexual behaviour. Does remained sexually receptive even when progesterone concentrations were high. Nevertheless, the number of receptive females was higher when progesterone concentrations decreased around parturition and the mean daily progesterone values were consistently higher in non-receptive than in receptive females. Oestrogen concentrations during pregnancy were very low and were not related to receptive behaviour.
Introduction
Rabbit and hare females ovulate in response to copulation. In these 2 lagomorphs, oestrous behaviour has been reported to occur during various physiological situations. In non-pregnant non-pseudopregnant doe rabbits, Moret (1980) observed an alternation of periods of receptivity during which females submitted to mating, followed by periods of non-receptivity. Duration of these periods was variable between females. Cycles of receptivity of 6 or 7 days have been described in confined wild or domestic female rabbits (Myers & Poole, 1962) and in brown hares (Lepus europaeus) (Caillol & Martinet, 1979) . During pseudopregnancy, receptivity is maintained at a low level in doe rabbits (Hammond & Marshall, 1925; Caillol et al, 1983 ) and hares (Caillol & Martinet, 1979) . Hammond & Marshall (1925) , Beyer & Rivaud (1969) and Moret (1980) have reported that the domestic rabbit remains receptive during pregnancy but that sexual receptivity to males decreases at the beginning of pregnancy and increases just before parturition. A similar variation in sexual receptivity was observed in pregnant hares (Martinet et al, 1970) .
Sexual receptivity can be induced in ovariectomized rabbits by oestrogens (McDonald et al, 1970) and aromatizable androgens while progesterone inhibits this behaviour (Beyer & McDonald, 1973; Elsaesser, 1980) . Nevertheless, during pseudopregnancy, as during pregnancy, receptivity is maintained although progesterone concentrations are high. To our knowledge, no data concerning sexual behaviour of pregnant rabbits in relation to the concentrations of circulating steroids are available. We have therefore studied the sexual behaviour of male and female rabbits during pregnancy and early post partum in relation to circulating steroid concentrations. Castanier & Scholler (1970 Description of events. After introduction of a female into the male's cage, the male began to nuzzle her around the genital area and behind the ears or tried to mount her. Sometimes, he remained completely inactive and seemed not to be interested at all by the female. If the female submitted to mating, she took the position of lordosis and copulation occurred rapidly followed by a backward lunge of the male away from the female. If the female did not submit to mating, she flattened on the floor in a corner of the cage; then the male could nuzzle her, scratch the female's back with his forelegs or beat her ears. The female could try to run from the male and circle around and, sometimes, tried to mount the male. Some doe rabbits vocalized during the test.
Sexual behaviour of the male. In the presence of pregnant females, the male remained inactive for a very short time during a test (< 10 sec). Duration of nuzzling and mounting behaviours did not differ except on Days 20-23 of pregnancy; at this stage of pregnancy, the female was nuzzled longer (43-3 ± 3-2sec) than mounted (13-7 ± IT sec) (P < 0-01). Nevertheless, there was no sig¬ nificant variation in the male sexual behaviour according to the physiological stage of the female (P > 005). The sexual behaviour of male rabbits in the presence of receptive or non-receptive does significantly differed at the beginning of pregnancy (Days 6-16): non-receptive females were nuzzled less (26-7 ±11 compared with 440 + 3-9 sec) and mounted for longer (29-4 + 1-9 compared with 5-13 + 1-9sec) than were receptive females during the tests preceding lordosis (P < 0005) (Figs la, b) . Later, in the second part of pregnancy and during the post-partum period, the male sexual behaviour was similar in the presence of receptive and non-receptive females. (Fig. 3a) . At the beginning of pregnancy, females accepted more often the second or the third male presented. The proportion of females which displayed lordosis with the first male presented increased to a maximum (85%) on Days 31 ± 1 (P < 0005). In the early post-partum period, this percentage decreased to 33% (Fig. 3b) .
The proportion of receptive females remained below 50% from Days 6 to 23 of pregnancy then increased and reached 100% at parturition. During the first days post partum, 70% of females submitted to mating, all females being receptive on Days 1 and 6 post partum. Some females refused the male during the whole pregnancy while the others submitted to mating whatever the stage of pregnancy and during variable periods of time. Among the 16 experimental females, 8 accepted the male in a sporadic or continuous manner and 5 aborted between Day 24 and 28. Five females submitted to mating only a few days before parturition and 2 refused the male during the whole of pregnancy and were mated only post partum (Fig. 4) . Parturition occurred on Day 31 in 9 females and on Day 30 in the other one. Litter size was 8-3 ± 1 -6 (range 5-11) and there was no correlation between the number of young born and the sexual behaviour of the female.
Females with a white vulva were only noted in early pregnancy and after parturition. The proportion of females with a pink vulva remained high during pregnancy (72%) then decreased at parturition while the proportion of females with a purple vulva was maximum. A red vulva was Fig. 3 . Lordosis in female rabbits: (a) latency to and (b) in relation to the order of presentation of the accepted male. The numbers of observations are given in parentheses. Fig. 4 . Changes of the proportion of females allowing mating from Day 6 of pregnancy to Day 6 post partum. The no. of females tested on each day is given in parentheses. (Table 2) . No relationship between female sexual receptivity and colour of the vulva could be observed.
Serum progesterone and oestrogen concentrations
Mean progesterone concentrations of 6 pregnant rabbits rose from Day 6 of pregnancy (12-2 + 0-6 ng/ml) to a maximum on Days 12-13 (16-5 ± 1-1 ng/ml). They then decreased slowly until Day 29 (5-4 + 0-5 ng/ml) and more rapidly to reach a minimum the day after parturition (0-8 ± OT ng/ml) (Fig. 5a ). The rise in progesterone after parturition could correspond to the establishment of a pseudopregnancy or a second pregnancy. The proportion of receptive females was maximum when progesterone concentrations were the lowest, i.e. at parturition (Fig. 5a) . The 4 females which aborted showed lower progesterone concentrations and the peak value at midpregnancy was not observed (Fig. 5b) . These females submitted to mating even at the beginning of pregnancy. During pregnancy, the mean daily progesterone values were consistently higher in nonreceptive than in receptive females (Fig. 5c) . The difference was significant on Day 13 (P < 0-025).
The concentrations of oestrone and oestradiol remained very low during pregnancy. Oestradiol was always almost undetectable and mean oestrone concentrations fluctuated from 5 to 150 pg/ml (Fig. 6a) . No relationship between female sexual behaviour and oestrogen concentrations was observed (Fig. 6b) .
Discussion
The results reported in the present study constitute the first quantitative analysis of the sexual behaviour of male and female rabbits during pregnancy. Many of the behavioural events which have been reported for wild rabbits are also observed in domestic rabbits. However, few data are available on the sexual behaviour of the male rabbit. Southern (1947) and Worden & Leahy (1962) have identified different sexual behaviours in the confined wild rabbit: courtship chasing (sexual following, circling and jumping), tail 'flagging', enurination and copulatory behaviour. Similar behavioural events have been observed by Heath (1972) for domestic rabbits. In our study, the males displayed 2 important behaviours, nuzzling and mounting, and remained inactive for a short time during the tests. A quantitative difference in male behaviour was noted in the presence of receptive or non-receptive females only in the first part of pregnancy. The domestic rabbit has been reported to use a variety of scent-marking behaviours. A territorial function for chin-marking was first described by Mykytowycz (1968) for the wild male rabbit. Heath (1972) has noted that domestic bucks marked a variety of inanimate objects as well as the females in this manner. This particular behaviour has not been observed in our study, perhaps because the tests were performed in the male's cage, i.e. in his own territory. Furthermore, the experienced males used in this study were trained to mount the females.
When introduced into the male's cage, the pregnant doe rabbit displays 2 main behaviours: flattening in the corner of the cage and/or circling away from the male. These sexual behaviours have been described by Heath (1972) for domestic female rabbits. The difference between a receptive and a non-receptive female is not easy to establish in the rabbit. As for the male, a quantitative difference of behaviour was observed between receptive and non-receptive females only in the first part of pregnancy during which flattening could be considered as a criterion of non-receptivity as described by Caillol et al (1983) in pseudopregnant domestic rabbits. During the second part of pregnancy, no difference was noted between sexual behaviour of receptive and non-receptive females. This could be due to a reduced mobility of the female at the end of pregnancy. Mounting the male was only observed post partum and seemed to be inhibited during pregnancy as described by Beyer & McDonald (1973) . In our study, this event was not always followed by submission to mating in contrast to what has been reported by Hammond & Marshall (1925) and Yaschine et al ( 1967) for non-pregnant non-pseudopregnant rabbits and by Caillol et al (1983) for pseudopregnant rabbits. In the female rabbit, mounting depends on ovarian secretions since ovariectomy sharply decreases this activity (Yaschine et al, 1967) and androgen is much more effective than oestrogen in restoring this particular behavioural feature (Soto et al., 1985) . Vocalizations seemed to be a characteristic of each female and there was no relationship between this event and sexual receptivity during pregnancy or pseudopregnancy (Caillol et al, 1983) .
The doe rabbit could use chin-marking behaviour to communicate reproductive status to males. Soares & Diamond (1982) have shown that female rabbits exhibit decreased chin-marking during pregnancy and no female observed in our study displayed this activity, even during the post-partum period. Our experimental conditions did not permit observation of this chin-marking behaviour in males or in females. Vulva coloration varied during pregnancy, a white vulva occurring only in early pregnancy and after parturition and the proportion of rabbits with a purple vulva rising on Days 27-31. There was no relationship between the colour of the vulva and the incidence of lordosis in pregnant rabbits, although a red vulva is considered as an indication of receptivity in nulliparous females (Lefevre & Moret, 1978) , after pregnancy or pseudopregnancy (Friedman, 1938) and during pseudopregnancy (Caillol et al, 1983) .
The pattern of female sexual behaviour varied during pregnancy. In early pregnancy, female receptivity decreased but was augmented a few days before parturition. These results confirm the observations of Hammond & Marshall (1925) , Beyer & Rivaud (1969) and Moret (1980) . All females submitted to mating on Days 1 and 6 post partum. Beyer & Rivaud (1969) have shown that all females were receptive the day after parturition; Osteen & Mills (1980) reported reappearance of large, steroidogenically active follicles in the ovary on Day 6 of pseudopregnancy and Myers & Poole (1962) described a 6-7-day cycle of sexual attractivity in pseudopregnant domestic rabbits. Among the experimental rabbits, 2 groups of females could be distinguished: some females sub¬ mitted to mating whatever the stage of pregnancy, the others were receptive in the few days before parturition or in the post-partum period only. These different groups of females have been described for non-pregnant non-pseudopregnant females (Moret, 1980) and for pseudopregnant females (Caillol et al, 1983) : some females always accepted the male while the others accepted the male only sporadically.
The mean peripheral serum concentrations of progesterone described in the present study are similar to those previously reported for pregnant rabbits (Challis et al, 1973; Baldwin & Stabenfeldt, 1974; Browning et al, 1980; Lau et al, 1982) . The highest mean concentration of circulating progesterone was observed around Days 12-13 followed by a gradual decline between mid-pregnancy and parturition. A relationship between circulating progesterone concentrations and sexual behaviour was established: the number of receptive females was higher when progesterone values decreased, i.e. in late pregnancy. However, doe rabbits remained sexually receptive even when progesterone concentrations were high but non-receptive females exhibited consistently higher values than did receptive ones. Progesterone therefore seems to inhibit sexual receptivity as described by Beyer & McDonald (1973) , while no characteristic progesterone concentration corres¬ ponding to a receptivity level could be determined. Circulating concentrations of oestrogens remained very low and did not show a marked variation during pregnancy as noted by Lau et al. (1982) . The mean concentration of oestrone was slightly higher than that of oestradiol. We have not observed at parturition the peak value of oestrogens described by Challis et al (1973) . Circulating oestrogen values were too low and variable between females to be clearly related to sexual behav¬ iour. However, injections of aromatizable androgens or oestrogens induce oestrous behaviour in ovariectomized rabbits and Elsaesser (1980) has shown that oestrogens are necessary for receptivity in the female rabbit.
Elevated circulating concentrations of progesterone, characteristic of pregnancy, do not inhibit sexual behaviour in all rabbits. Nevertheless these high progesterone values are responsible for the fact that these matings do not lead to gonadotrophin release and ovulation during pregnancy (Mills & Gerardot, 1984) . In another induced ovulator, the brown hare, fertile matings are recorded at the end of pregnancy, leading to an ovulation and a natural superfetation (Caillol & Martinet, 1983 ). In the rabbit, however, the coitus-induced ovulation is blocked during pregnancy.
